This meta-analysis assessed the association between overweight/obesity and low back pain. The authors systematically searched the Medline (National Library of Medicine, Bethesda, Maryland) and Embase (Elsevier, Amsterdam, the Netherlands) databases until May 2009. Ninety-five studies were reviewed and 33 included in the meta-analyses. In cross-sectional studies, obesity was associated with increased prevalence of low back pain in the past 12 months (pooled odds ratio (OR) ¼ 1.33, 95% confidence interval (CI): 1.14, 1.54), seeking care for low back pain (OR ¼ 1.56, 95% CI: 1.46, 1.67), and chronic low back pain (OR ¼ 1.43, 95% CI: 1.28, 1.60). Compared with nonoverweight people, overweight people had a higher prevalence of low back pain but a lower prevalence of low back pain compared with obese people. In cohort studies, only obesity was associated with increased incidence of low back pain for 1 day in the past 12 months (OR ¼ 1.53, 95% CI: 1.22, 1.92). Results remained consistent after adjusting for publication bias and limiting the analyses to studies that controlled for potential confounders. Findings indicate that overweight and obesity increase the risk of low back pain. Overweight and obesity have the strongest association with seeking care for low back pain and chronic low back pain. incidence; overweight; prevalence; publication bias; referral and consultation Abbreviation: BMI, body mass index.
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Obesity is a growing public health concern. Globally, the number of overweight or obese people is dramatically increasing (1) . Obesity contributes substantially to the burden of chronic medical conditions, and these medical conditions place a high economic burden on the health care systems (1) .
Low back pain is also a common health problem (2) . It is a common cause of work-related disability and sickness absence (3) . In the general population, the 1-month prevalence of low back pain ranges from 30% to 40% (3, 4) ; the annual prevalence of low back pain ranges from 25% to 60% (3-5) and of chronic low back pain from 10% to 13% (6, 7) . Low back pain is more common in women than in men (4, 8) .
The association between obesity and low back pain remains controversial. Few reviews on the relation between obesity and low back pain have been published so far. Five of them were nonsystematic, including only 6-8 studies (9) (10) (11) (12) or only studies published between 2000 and March 2006 (13) . The only known systematic review reported inconsistent results regarding the link between weightrelated factors and low back pain (14) . None of these reviews performed a meta-analysis or reported evidence of a temporal relation between obesity and low back pain.
Our aim was to provide a systematic literature review of the association between overweight/obesity and low back pain and to estimate the magnitude of such an association using meta-analysis. To address causality of associations, cross-sectional and cohort studies were analyzed separately.
MATERIALS AND METHODS

Search strategy
Studies of interest were identified by searches of the Medline (National Library of Medicine, Bethesda, Maryland) and Embase (Elsevier, Amsterdam, the Netherlands) databases from 1966 until May 2009 using predefined keywords (Web Table 1 ; this information is described in the first of 4 supplementary tables, each referred to as ''Web table'' in the text and posted on the Journal's website (http://aje. oupjournals.org/)). In addition to overweight/obesity, which is the focus of this review, our search covered a larger set of cardiovascular or lifestyle risk factors, such as smoking, physical activity/inactivity, hypertension, dyslipidemia, diabetes, and inflammatory factors (15) (16) (17) . Our search was limited to human populations. All languages were accepted. We excluded reviews, case reports, letters, editorials, guidelines, and comments. We also searched the reference lists of included studies.
Study selection
Two authors independently examined all titles and abstracts. We scrutinized the full text of relevant papers and determined whether they met the inclusion criteria. We included original articles on human populations with a cohort, case-control, or cross-sectional design. Studies focusing solely on clinical populations, case-control studies with controls derived from the patient populations, studies with a sample size of less than 30, and studies with a response rate of less than 60% or not reported were excluded ( Figure 1 ). We also excluded studies on specific back disorders (16) , musculoskeletal or spinal pain without specification to the back, the prognosis of low back pain, and height only.
Quality assessment
Two reviewers independently assessed the quality of the studies by using a modification of the Cochrane quality criteria for systematic assessment of nonexperimental studies (18) . Disagreements were solved through discussion.
We assessed the occurrence and severity of 4 possible sources of bias: selection, performance, detection, and attrition (Web Table 2 ). Studies with any definite biases were excluded from our review. Only those studies with no or minor selection bias were included in the meta-analysis.
Meta-analysis
We used cutpoints recommended by the World Health Organization for body mass index (BMI) and defining overweight as a BMI of 25-29.9 kg/m 2 and obesity as a BMI of 30 kg/m 2 (19, 20) . Because a number of studies did not distinguish between overweight and obesity, we also conducted meta-analyses for overweight/obesity, defining BMI as 25 kg/m 2 . In addition, studies of adults that reported an estimated BMI of 24 kg/m 2 for overweight/ obesity or BMI of >28.5 kg/m 2 for obesity were included in the meta-analyses. Studies of adolescents that defined overweight or obesity by using internationally acceptable age-and sex-specific cutpoints for BMI (21) were also included in the meta-analyses.
Studies that reported a risk estimate (odds ratio or relative risk) for overweight or obesity were eligible for the metaanalysis. A minimum requirement was adjustment for age and gender. A study was also chosen if the study population was of either gender, represented a narrow age group, or included stratified analysis by age and gender. We contacted the authors of the studies that reported only unadjusted risk estimates, did not use World Health Organizationrecommended cutpoints for BMI, or did not report genderspecific results. Of 12 contacted authors, 7 (22) (23) (24) (25) (26) (27) (28) provided additional gender-specific confounder-adjusted results.
We used combinable low back pain outcomes suggested by the Meta-Analysis of Pain in the Lower Back and Work Exposures (MAPLE) collaborative group (29) . Chronic low back pain was defined as pain that lasts for longer than 7-12 weeks (3) or pain experienced for more than 30 days in the past 12 months (29) . Disabling low back pain was defined as recurrent or continuous low back pain of a moderate to severe degree or low back pain with functional impairment. Prevalent low back pain was defined on the basis of crosssectional studies and incident low back pain on the basis of cohort studies.
We pooled the odds ratios of low back pain for the BMI subgroups to obtain an overall estimate for overweight/ obesity. We also pooled the odds ratios of low back pain for the study population subgroups to obtain an estimate for the total study population. We calculated a new odds ratio of low back pain for overweight or obese subjects for studies that used underweight as a reference category and compared normal, overweight, or obese people with underweight subjects (24, (30) (31) (32) (33) . For these studies, we calculated the standard error from the natural logarithm of the odds ratio and confidence intervals, divided the odds ratio of overweight or obesity by the odds ratio of normal weight, and then estimated new confidence intervals for the obtained odds ratios.
We conducted random-effects meta-analyses. Randomeffects meta-analysis assumes that there are real differences between individual studies regarding the magnitude of the association between overweight/obesity and low back pain. It considers both between-study and within-study variability. The random-effects model usually produces a confidence interval wider than the fixed-effect model does. Results from a random-effects model are usually more conservative than those of a fixed-effect model (18) .
Heterogeneity was assessed by the Cochran's chi-square (Q test) and I 2 statistic (34, 35) . Heterogeneity is any kind of variability in the association between overweight/obesity and low back pain among different studies. Significant heterogeneity shows that this variability is not due to chance alone. Testing for heterogeneity may be insensitive to true between-study variability for certain study characteristics. Values of the I 2 statistic range from 0% to 100% and show the proportion of total variation across studies not due to chance. Values of 25%, 50%, and 75% correspond to low, moderate, and high heterogeneity, respectively (35) .
The small-study effect and the effect of low-quality studies were assessed by cumulative meta-analysis and by subgroup analysis. For cumulative meta-analysis, the studies were ranked in descending order first by the tools used for anthropometry (measured vs. self-reported weight and height), second by the presence or absence of detection or attrition bias, and third by sample size.
Publication bias was examined with funnel plots. A funnel plot is a scatter plot of studies included in the metaanalysis, with the magnitude of the overweight/obesity effect on the horizontal axis and the weight of the study, such as the inverse standard error or sample size, on the vertical axis. The funnel plot is based on the fact that precision in assessing the association between overweight/ obesity and low back pain will increase as the sample size of studies increases. An asymmetrical appearance of dots in the funnel plot can be due to the presence of publication bias (36) . Asymmetry of the funnel plots was assessed by using 3 statistical methods: the rank correlation method (Begg's test) (37), regression analysis (Egger's test) (38) , and the trim and fill method (39) . In the trim and fill method, we used the fixed-effect model for trimming and the random-effects model for filling to obtain the adjusted pooled estimates. We assessed publication bias for crosssectional and cohort studies as well as for each low back pain outcome. Stata software (Stata Corporation, College Station, Texas), versions 8.2 and 10, was used to perform the meta-analyses.
RESULTS
We identified 263 relevant study reports on the associations between cardiovascular risk factors and low back pain for detailed assessment (Figure 1 ). Of the relevant studies, 95 on the relation between overweight/obesity and low back pain were included in the systematic review (Web Tables 3  and 4 ). Of these 95, studies were excluded from the metaanalysis for the following reasons: selection bias (n ¼ 16, Web Table 3 ), noncombinable outcome (only one study representing an outcome, e.g., recurrent low back pain, hospitalization due to low back pain, disability retirement due to back pain; n ¼ 6) (40) (41) (42) (43) (44) (45) , focus on only weight without any report of an adjusted risk estimate (n ¼ 8) (46) (47) (48) (49) (50) (51) (52) (53) , no report of unadjusted prevalence/incidence in subgroups of BMI or 120 (74) or only mean BMI in those with or without low back pain (75) , reporting only an age-and gender-adjusted P value (76) or averaged odds ratios for overweight/obesity (77), reporting an unadjusted odds ratio (78) , and noncombinable studies because of using different cutpoints for BMI (n ¼ 6) (79) (80) (81) (82) (83) (84) . Finally, 33 studies qualified for the meta-analyses: 24 cross-sectional and 9 cohort (Tables 1-7) .
Cross-sectional studies
Of the 24 cross-sectional studies, 11 provided measured data for weight and 10 for height. In the other 13 studies, information on weight and height was gathered by selfreports. Three of 24 studies had moderate detection bias, and one had possible attrition bias.
The meta-analyses of cross-sectional studies showed a statistically significant association between BMI and low back pain (Tables 1, 2, and 6). Compared with those of normal BMI, overweight and obese people had a higher prevalence of low back pain in the past 12 months, seeking care for low back pain, and chronic low back pain. The prevalence of low back pain in the past month was also higher among the overweight/obese (BMI cutoff 24 kg/m 2 or 27 kg/m 2 ) compared with those of normal BMI. The association was stronger for obesity than for overweight. Overweight and obesity had a stronger association with seeking care for low back pain or chronic low back pain than low back pain in the past month or past 12 months.
Cohort studies
Of the 9 cohort studies, 3 provided measured data for weight and 2 for height. Four studies had possible attrition bias, and 1 study had both moderate detection and possible attrition bias.
The meta-analysis showed an association between obesity and the incidence of low back pain for at least a day in the past 12 months (pooled odds ratio ¼ 1.53, 95% confidence interval: 1.22, 1.92) (Tables 3 and 6 ). Overweight was not associated with the incidence of low back pain. Overweight, but not obesity, was associated with sickness absence due to low-back disorder (pooled odds ratio ¼ 1.35, 95% confidence interval: 1.02, 1.79) ( Table 3) .
Gender-specific analyses
In cross-sectional studies, for women, both overweight and obesity were associated with an increased prevalence of back pain in the past 12 months, seeking care for low back pain, and chronic low back pain (Tables 4, 5, and 7). For men, overweight and obesity were convincingly associated with seeking care for low back pain and chronic low back pain. Overweight/obesity (BMI cutoff 24 kg/m 2 or 27 kg/m 2 ) was also associated with low back pain in the past month among women.
In cohort studies, for both men and women, obesity, but not overweight, was associated with an increased incidence of low back pain in the past 12 months (Tables 4, 5, and 7).
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Publication bias
The funnel plot of the 33 studies included in our metaanalysis of the association between overweight (14 studies) or obesity (19 studies) and any low back pain was asymmetrical ( Figure 2) . The results suggest that some mediumsized and small studies with negative or null findings were not published. Only Begg's test (P ¼ 0.01), but not Egger's test (P ¼ 0.41), showed evidence of publication bias. The trim and fill method imputed 7 missing studies.
In the design-specific analysis, the funnel plots for both cross-sectional and cohort studies were asymmetrical. However, neither Begg's (P ¼ 0.15) nor Egger's (P ¼ 0.86) tests showed evidence of publication bias for cross-sectional studies. Both Begg's (P ¼ 0.076) and Egger's (P ¼ 0.057) tests were significant for cohort studies. Three missing cross-sectional studies and 3 missing cohort studies were imputed by the trim and fill method.
Sensitivity analysis
Adjusting for publication bias had little effect on pooled estimates (Tables 1-3 ). Doing so attenuated the association between only obesity and the incidence of low back pain. Cumulative meta-analyses showed that the pooled estimates were not affected by the small or low-quality studies. Moreover, results remained consistent when the meta-analyses were restricted to those studies that controlled the obtained odds ratios for physical workload and/or psychosocial factors ( Table 6 ).
Results of studies excluded from meta-analysis
Of 62 studies excluded from meta-analysis, 46 (33 crosssectional and 13 cohort) showed no or minor selection bias. All cross-sectional studies except one (49), on recurrent low back pain, disabling low back pain, and seeking care for low back pain, showed a positive association between BMI or weight and low back pain (40, 41, 43, 45, 51, 62, 73) . Of the remaining 25 cross-sectional studies on low back pain in the past month or past 12 months or chronic low back pain, 8 showed a positive association between BMI or weight and low back pain (46, 56, 74, 75, (77) (78) (79) 81) . Seven studies reported a P value for the association between BMI or weight and low back pain in the past month or past 12 months; the pooled P value was not statistically significant for low back pain in the past month (P ¼ 0.09, 5 studies) (46, 48, 70, 72, 82) or low back pain in the past 12 months (P ¼ 0.33, 4 studies) (50, 70, 72, 76) . Of 13 cohort studies excluded from meta-analysis, 3 showed a positive association (42, 44, 52) and 4 a nonsignificant association (64, 71, 83, 84) . It was not possible to assess quantitatively the results of 10 cross-sectional and 6 cohort studies that did not report a P value, odds ratio, or even the prevalence/incidence of low back pain in the subgroups of BMI.
DISCUSSION
This meta-analysis shows that both overweight and obesity increase the risk of low back pain. Overweight and
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Mustard ( Most of the studies included in the meta-analysis controlled the obtained estimates for potential confounders, such as physical or psychosocial workload factors. Therefore, the observed association between overweight/obesity and low back pain is less likely due to potential confounders.
Our findings suggest that the association between overweight or obesity and the prevalence of low back pain is stronger for women than for men. The gender difference was less evident regarding the prevalence of seeking care for low back pain and chronic low back pain. Furthermore, we found no clear difference in the association between overweight or obesity and the incidence of low back pain in the cohort studies. The gender-related differences in the association of overweight or obesity with low back pain could be due to hormone-related obesity and associated changes in pain sensitivity (85) . In addition, the association between overweight/obesity and low back pain could be related to differences in the distribution of body fat mass or to proportion of lean body mass (86) . In men, high BMI may reflect high muscle mass; in women, it may indicate amount of adipose tissue. The slight gender difference in the association between obesity and the incidence of low back pain can be due to the small sample size of studies included in the gender-specific meta-analyses.
The reviewed studies had some major limitations. In many studies, the outcomes did not include information on the frequency and severity of low back pain. Different recall periods and different case definitions of low back pain were used. A limited number of prospective studies on the role of overweight/obesity in low back pain have been published. Furthermore, studies have used different cutpoints for overweight and obesity. Some did not use the World Health Organization-recommended BMI cutpoints to define overweight and obesity, defining overweight/obesity as a BMI of >24 kg/m 2 and obesity as a BMI of >27 kg/m 2 or >28.5 kg/m 2 . These differences in the classification of overweight or obesity may have led to underestimation of the strength of the association between overweight or obesity and low back pain.
We excluded studies on clinical populations and casecontrol studies that included clinical controls because clinical populations are usually selected in many ways that are difficult to control for. To avoid selection bias, we also excluded studies with a response rate of less than 60% (n ¼ 50) or not reported (n ¼ 12). Scrutiny of studies excluded from the meta-analysis showed that most of those that reported a quantitative result showed a positive association or a tendency for a positive association between BMI or weight and low back pain, supporting the results of our meta-analysis.
There may be a publication bias in favor of positive results between obesity and low back pain. Publication bias arises when studies showing a statistically significant positive association are more likely to be reported or published than studies with a negative or null association. Publication bias is more likely to affect small studies, which tend to show larger risk estimates than larger studies. Funnel plot asymmetry may be caused by a number of factors other than publication bias (38) . Statistical methods for the assessment of publication bias are unable to distinguish publication bias from other causes of funnel plot asymmetry (87) . In our meta-analyses, adjusting for publication bias had very little effect on the pooled estimates.
The majority of the reviewed studies were crosssectional. Therefore, the association between obesity and low back pain could be bidirectional; that is, obesity may cause low back pain, or obesity can be a consequence of low back pain. Obesity is more likely in people who are sedentary during work or leisure activities. Low back pain could also lead to physical inactivity and hence to increased adiposity. Obesity and low back pain could also be comorbid conditions that share common risk factors.
The association between obesity and low back pain may be causal, since we observed it in both cross-sectional and cohort studies. Several possible mechanisms can explain this association. First, obesity could increase the mechanical load on the spine by causing a higher compressive force or increased shear on the lumbar spine structures during various activities. Obese people may also be more liable to incur accidental injuries (88) . Second, obesity may cause low back pain through systemic chronic inflammation. Obesity is associated with increased production of cytokines and acute-phase reactants and with activation of proinflammatory pathways (89) , which, in turn, may lead to pain (90) . Third, population-based studies have shown a stronger association of abdominal obesity than generalized obesity with low back pain (91, 92) . Other studies have reported the associations of hypertension and dyslipidemia with low back pain (93, 94) . The metabolic syndrome may be involved in the pathomechanical pathway of low back pain because abdominal obesity, hypertension, and dyslipidemia are its components.
Fourth, obesity is associated with disc degeneration (95) and vertebral endplate (Modic) changes (96) . Spinal mobility decreases with increasing body weight (97) , which may interfere with disc nutrition. Obese people have increased serum levels of triglycerides and low density lipoprotein cholesterol and decreased levels of high density lipoprotein cholesterol Log Odds Ratio Standard Error of Log Odds Ratio Figure 2 . Funnel plot with pseudo 95% confidence limits for publication bias in studies of the association between overweight (14 studies) or obesity (19 studies) and low back pain. (98) . Dyslipidemia plays a major role in the development of atherosclerosis in obese individuals (98) . Atherosclerosis could cause malnutrition of the disc cells (99, 100) , which may predispose to disc degeneration. People with severe disc degeneration are more likely to have low back pain (101) .
There is little information on the prevention of low back pain with weight reduction via lifestyle modification. Among working subjects with hypertension, a lifestyle intervention did not affect low back pain in the total study group, even though it had significant favorable effects on weight, BMI, and physical activity (102) . However, among those with jobs involving moderately heavy or heavy work, the lifestyle intervention reduced low back pain. There is also preliminary evidence that weight reduction after bariatric surgery may result in recovery from low back pain (103) (104) (105) (106) .
In summary, this meta-analysis shows that overweight and obesity are associated with an increased risk of low back pain. The association is strongest for seeking care for low back pain and chronic low back pain. Our study suggests that obesity is a potentially modifiable risk factor for low back pain. However, well-conducted prospective studies, including intervention studies, are needed to confirm our findings.
